Aims To explore which behaviour change techniques and other intervention features are associated with increased levels of physical activity and improved HbA 1c in adults with Type 2 diabetes.
Introduction
There is substantial evidence to demonstrate that physical activity/exercise (hereafter referred to as physical activity) is of benefit to people with Type 2 diabetes [1] [2] [3] . However, the greatest clinical challenge is understanding how to support people to change their physical activity behaviour in the context of their everyday lives. Our 2012 systematic review and meta-analysis [4] reported that behavioural interventions targeting free-living physical activity behaviour in adults with Type 2 diabetes (age range 35 to 75 years, with the majority of studies having recruited adults aged 60 to 64 years) yielded long-term clinically significant improvements in HbA 1c . However, identification of which components of these interventions produce the greatest improvements in physical activity behaviour and subsequently HbA 1c has not been formally tested. With clinical consultations and resources limited, insights into the efficacy of behaviour change techniques may assist in optimising the consultation.
Our objective was to explore which behaviour change techniques [5] and other intervention features (mode of delivery, intensity, duration, use of model/theory of behaviour change, use of pedometers and supervised physical activity and exercise sessions) used in behavioural interventions were associated with change in physical activity behaviour and clinically significant improvements in HbA 1c (i.e. a decrease in HbA 1c ≤ 0.3%) to help inform clinical practice and the development of new interventions.
Methods
In accordance with previously published research [6] , effect size measures for physical activity and HbA 1c were mean difference and Hedges' g. Subgroup analyses were conducted for behaviour change techniques and other categorical intervention features using a mixed-effect model where: (1) subgroups are pooled using a random-effects model; and (2) tests for statistically significant differences between subgroups are conducted with a fixed-effects model. All moderator analyses were undertaken using comprehensive meta-analysis. Associations between effect sizes and continuous variables were examined with meta-regression using the 'metareg' command in STATA applying a restricted maximum likelihood (REML) approach to estimate between-study variance.
The association between changes in physical activity and HbA 1c across all 21 behaviour change techniques was calculated with Spearmans correlation.
Results
Four behaviour change techniques were associated with increased levels of physical activity when present (Table 1) . These were in rank order of effect size (Q): (1) prompt focus on past success; (2) barrier identification/problem-solving; (3) use of follow-up prompts; and (4) provide information on where and when to perform physical activity behaviour. Two behaviour change techniques were associated with improvements in HbA 1c when present (Table 2) . These were in rank order of effect size: (1) prompt review of behavioural goals, and (2) provide information on where and when to perform physical activity behaviour.
Pedometer use was associated with decreased levels of physical activity (Table 1 ). There were no other statistically significant associations between intervention features and effect size changes.
A negative statistically significant relationship was found between effect size changes in physical activity and HbA 1c across the 21 behaviour change techniques included in the analysis using 21 comparisons for which full data was available (r s = À0.62, P = 0.004).
Conclusions
The field of behavioural science is beginning to establish the principles of how to effectively support patients to make positive behavioural changes. The analyses presented are the first to link behavioural outcomes with clinically meaningful outcomes and to identify behaviour change techniques that may help to optimise diabetes care consultations: (1) prompt focus on past success (identifying and emphasising successful behaviour change from the individual's past); (2) barrier identification/problem-solving (identifying salient barriers to physical activity for the individual and strategies to overcome them); (3) use of follow-up prompts (such as reminder postcards or motivational telephone calls); (4) provide information on where and when to perform the behaviour (individuals are given explicit information on locations, times and opportunities available locally for changing physical activity behaviour); and (5) prompt review of behavioural goals (review whether physical activity goals were achieved followed by revisions or adjustments).
By examining behavioural and clinical outcomes, these data suggest that clinical care teams could optimise the limited time they have with patients by focusing on selected behaviour change techniques to change physical activity behaviour.
There are interesting contrasts in the literature reporting on behaviour change techniques to target other lifestyle behaviours. In a 2011 systematic review, provision of instruction, self-monitoring of behaviour and relapse prevention were most strongly associated with weight loss when targeting diet in obese adults with additional risk factors for co-morbidity [3] . A 2014 systematic review reporting on behavioural interventions targeting physical activity behaviour in older adults showed associations between selfmonitoring and a decrease in physical activity behaviour. The authors suggested that specific self-regulatory techniques may carry greater cognitive burden, making utilisation and thus behaviour change difficult [7] . Practically, this highlights that different behaviour change techniques may be required to initiate changes in different target behaviours (e.g. physical activity and diet), outcomes of behaviour (e.g. HbA 1c and weight) and demographics of individuals (e.g. age), and that a tailored approach is necessary. Combined, these data suggest that a 'one size' behavioural intervention may not fit all and that clinical care teams should have an array of behaviour change techniques at their disposal and be aware of the context in which they may be most effective.
The specificity of behaviour change techniques is highlighted by the use of pedometers. Meta-analyses [8] show that pedometer use, a way to actualise self-monitoring of behaviour, is effective for increasing physical activity behaviour. However, more specific analyses reveal that the benefits of pedometer use may not carry across all users and that some What's new?
• This study reports on statistically significant associations between evidence-based behaviour change techniques, changes in physical activity behaviour and clinically significant improvements in glycaemic control in adults with Type 2 diabetes.
• The findings provide guidance for clinicians on five context-appropriate behaviour change strategies for use during time-constrained consultations, which can help to support people with Type 2 diabetes to increase their levels of physical activity in order to maximise longterm glycaemic control.
• The five behaviour change techniques identified were: prompt focus on past success, barrier identification/ problem-solving, use of follow-up prompts, provide information on where and when to perform the behaviour and prompt review of behavioural goals. groups benefit less, particularly older people [7] . The present analyses suggest that people with Type 2 diabetes, the majority of which were older adults (aged > 60 years), may be a group who benefit less from pedometer use. It is not that pedometers do not yield effective behaviour change, but that specific groups may require greater support to use them as an effective self-monitoring tool. Furthermore, age of participants included in the current analyses may account for other behaviour change techniques failing to reach statistical significance such as plan social support/social change. In their 2014 systematic review, French and colleagues reported that social support was associated with lower levels of physical activity behaviour in older adults aged > 60 years [7] . Overall, these data highlight the pressing need to understand more about the specific requirements of people with Type 2 diabetes, and also the transferability of behaviour change techniques and other intervention features across groups and clinical conditions.
Targeting physical activity behaviour is an important selfmanagement option for people with Type 2 diabetes and would be an optimal approach in the following circumstances: patients who lack confidence for participation in more intensive or supervised activities; [9] patients who report poor adherence to dietary change or first-round medication; [10] and patients who experience side effects of medication that contributes to non-adherence [11] . Much attention is given to the translation of wellresourced proof of principle studies (e.g. Look Ahead) into everyday clinical care [12] . The present analyses take steps towards understanding how complex interventions may be optimised by identifying specific behaviour change techniques and other intervention features for use in routine clinical practice. Furthermore, the analyses show that counselling and resource burden can be reduced by focusing on behavioural strategies with a more robust evidence base. However, there is an urgent need for the field to explore the evidence underpinning how behaviour is changed and the needs of individual patients.
Notwithstanding the value of our findings, they are not without limitation. Studies utilised both subjective and objective methods of free-living physical activity assessment. Moreover, it was not possible to establish the type, intensity and frequency of physical activity attributable to the effect sizes observed. Future work could utilise factorial designs to further understand how behaviour change techniques impact on the type, intensity and duration of physical activity that is maximally effective for sustaining improved clinical outcomes in adults with Type 2 diabetes as a function of stage on the life course. In summary, physical activity is a viable self-management option for people with Type 2 diabetes [4] . Our findings indicate that use of five behaviour change techniques may facilitate people with Type 2 diabetes to traverse the behavioural-physiological/biochemical gap. Experimental research is warranted in applied clinical settings to elucidate the maximally effective combinations, sequencing and delivery of behaviour change techniques within behavioural interventions in diabetes care. However, the data presented suggest that clinical care teams can optimise their consultations by incorporating specific evidence-based behaviour change techniques that are context appropriate and sensitive to the needs of people with Type 2 diabetes. 
